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                                               ABSTRACT 
The thesis entitled “Cross Metathesis Approaches for Broussonetine C, G & 12-C-
Glycosyl-dodecanoic Acids and Exploration of Click Reaction in Crystal 
Engineering” consists of two chapters. Each chapter is again sub-divided in two sections. 
Chapter I, section I describes cross metathesis approaches for broussonetine C and G. 
Second section deals with the synthesis of C-glycosides of dodecanoic acid employing 
cross metathesis and their application as new capping/reducing agents for silver 
nanoparticles synthesis. Chapter II, Section I presents “Cu(I) Promoted One–pot “SNAr–
Click Reaction” of Fluoronitrobenzenes”. Application of this methodology for the 
“Click” Synthesis of isomeric compounds for assessing the efficiency of bifurcated 
Cl···NO2 synthon form the section II of chapter II. 
 
Chapter 1 
Section I: Cross metathesis approach for broussonetine C and G 
 
 The broussonetines are a class of polyhydroxylated alkaloids which have been 
isolated from the branches of Asian paper mulberry tree Broussontia kazinoki and 
comprise a new class of glycosidase inhibitors. The 29 unique broussonetines show very 
potent and selective glycosidase inhibitory activities and as such have enormous 
therapeutic potential as anti-tumor and anti-HIV agents.  It is particularly interesting that 
the variation of the 13 carbon side chain functionality plays a key role in influencing the 
potency and enzyme specificity of glycosidase inhibitory activity. The promising 
biological activities and also the availability of a range of family members, this 
broussonetine natural products family provides an opportunity to synthetic chemists to 
explore flexible synthetic methods that can address the synthesis of any of these members 
with an ease. To embark in this direction, by invoking cross metathesis as the key 
transform, we have identified two potential key retrons 1.33 and 1.34 which can be 
advanced to both broussonetines A–D and broussonetines E–M respectively, by selecting 
an appropriate C12 or C9 unit. In the following pages, we describe our efforts in this 
direction by taking the broussonetine C and G as the representatives from each type. 
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Figure 1 Cross metathesis strategy for broussonetines 
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 Considering the superior glycosidase inhibitory activities amongst the all other 
members of this family, broussonetine G (1.28, IC50=3 nm, β-galactosidase; 24 nm, β-
glucosidase, 760 nm, β-mannosidase) has been selected as the first target in our studies. 
Broussonetine G contains a structurally interesting 5,6-spiroketal at the end of alkane 
chain. Broussonetine C (1.27, IC50=36 nm, β-galactosidase; 320 nm, β-mannosidase) 
selected as the representative of the first type broussonetines, has a 13 carbon side chain 
with a carbonyl group at C(10’). Despite their promising biological activities, there is only 
a single report (from Trost’s group) on the synthesis of broussonetine G and a couple of 
reports for the synthesis of broussonetine C (Yoda and Perlmutter groups). A detailed 
retrosynthetic planning for broussonetine G and C is given in the figure 2. 
Figure 2 Retrosythesis for broussonetine G & C 
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Cross metathesis approach for the synthesis of Broussonetine G 
 As shown in scheme 1, synthesis started with the commercially available L-
sorbose, which was advanced to known pyrrolidine 1.39 according to the reported 
procedure, which was protected with triposgene under biphasic condition and the free 
hydroxyl groups were tribenzylated to give 1.49. Carbamate functionality on 
saponification gave aminol and the ring nitrogen was protected as benzyl carbonate 1.51. 
Primary alcohol at C1 was oxidized with TEMPO radical and trichloroisocyanuric acid 
and the resulting aldehyde was subjected for a Grignard reaction with 3-
butenylmagnesium bromide. Inseparable mixture of isomers in 1.52a/1.52b were 
converted to corresponding acetate derivatives, from which one of the isomer (1.34) could 
be separated by flash column chromatography.  
Scheme 1 Synthesis of the chiral core subunit of (+)-broussonetine G 
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 As shown in scheme 2, spiroketal side chain was synthesized from readily 
available D-mannitol. The known dicatetonide was cleaved to get (R)–glyceraldehyde 
1.36 which on Wittig olefination, hydrogenation and controlled reduction with DIBAL-H 
yielded the aldehyde 1.57 which further underwent Wittig olefination. The acetonide was 
deprotected which in situ cyclised to give spiroketal alcohol 1.63. This was subjected to 
routine oxidation and Wittig olefination sequence to get the low boiling, volatile 
spiroketal fragment 1.35. 
Scheme 2 Synthesis of the spiroketal fragment of (+)-broussonetine G 
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As shown in scheme 3, 1.34 was subjected to cross metathesis with the spiroketal 
side chain 1.35 employing 1st generation Grubbs’ catalyst. The characterization of 
compound 1.65 was done extensively. First hydrogenation and then acetate deprotection 
did not work well to yield one of the pure isomer of broussonetine family. So acetate 
functionality was saponified by sodium methoxide and global deprotection of benzyl 
groups under hydrogenation condition was attempted in which reaction mixture shows 
compound peaks (analyzed by mass spectrum), but attempts to purify final compound 
1.28 were unsuccessful.  
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Scheme 3 Cross Metathesis approach for broussonetine G 
 
  The α/β mixture 1.52a/52b was treated with sodium hydride to get inseparable 
mixture of bicylic compounds 1.69a/1.69b. The core molecule 1.69a/1.69b and spiroketal 
fragment 1.35 was coupled together employing cross metathesis as a key reaction to yield 
1.70a/1.70b. Debenzylation using palladium hydroxide and carbamate deprotection using 
aq. NaOH was successful to get 1.28, optical rotation and all other spectroscopic data 
were matching with the natural product as well as with the data provided by Trost et al. 
(scheme 4). 
Scheme 4 Synthesis of  broussonetine-G 
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Cross metathesis approach for synthesis of Broussonetine C 
As shown in scheme 5, aliphatic 13 carbon side chain was prepared starting from 
9-decene-1-ol (1.72), which was oxidized using IBX to yield the aldehyde 1.73. 
Treatment of 1.73 with 3-(benzyloxy)propyl magnesium bromide gave 1.74. The obtained 
alcohol (1.74) was again oxidized using IBX to yield side chain 1.40. The carbonyl group 
was masked using 1,3 propane diol to yield 1.75. 
Scheme 5 Synthesis of 13-C sidechain of (+)-broussonetine C 
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One carbon Wittig olefination of aldehyde 1.37 yielded the olefin 1.33, the cross 
metathesis of which with 1.75 yielded only dimers. Gratifyingly, the cross metathesis of 
1.33 with 1.40 yielded 1.78, which was well characterized. The catalytic hydrogenation of 
protected (+)-broussonetine C (1.78) was attempted in different conditions but our 
attempts to get pure 1.27 were futile. (Scheme 6) 
Scheme 6 Cross metathesis approach for (+)-broussonetine C 
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 Next we opted for a Boc protecting group on ring nitrogen and planned to remove 
it after hydrogenolysis. 1.80 on TEMPO oxidation and Wittig olefination gave 1.81 which 
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underwent cross metathesis with keto side chain 1.40 to yield 1.83. The deprotection of 
1.83 was also found to be futile exercise by conducting the hydrogenation either first or 
after the Boc deprotection. (Scheme 7)   
Scheme 7 Cross Metathesis approach for broussonetine-C 
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 In summery employing cross metathesis as a key reaction, synthesis of (+)-
broussonetine G and benzyl protected (+)-broussonetine C has been accomplished using 
chiral pool approach. Global deprotection of 1.78, 1.83 was attempted, though the 
formation of the requisite products is noticed however, the isolation of the pure (+)-
broussonetine C was found to be a difficult task. 
Chapter 1 
Section II: Synthesis of C-Glycosides of dodecanoic acid employing cross metathesis 
and their application as new capping/reducing agents for silver nanoparticles 
synthesis. 
Over the last decade, the potential of noble metal nanoparticles has been explored 
in various fields such as optics, microelectronics, sensors, catalysis, and so on. The 
mutually advantageous conjugation of metal nanoparticles with biomolecules or 
biologically relevant ligands has gained much impetus because of their promising 
biomedicinal and bioanalytical applications in addition to hydrophilic rendition to 
surfaces and biocompatiblity. In this context, glyconanoparticles (GNPs), derived from 
the surface modification of metal nanoparticles by connecting with sugar residues through 
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O-glycoside linkages, have been recognized as novel tools to investigate carbohydrate 
recognition processes. 
C-Glycosides, which entail methylene substitution for the anomeric oxygen, offer 
a great deal of stability without substantial conformational amendment. Considering the 
fact that simple monosaccharides in biological systems can exist either in furanose or 
pyranose forms, three compounds 1.101–1.103 were selected as representatives of 
pentoaldofuranose (D-ribo), pentoaldopyranose (D-ribo) and hexoaldopyranose (D-
gluco), respectively. The C-allyl sugar derivatives were synthesized by allylation of 
corresponding peracylated glucocides using allyl trimethyl silane and BF3 etharate. 
(Scheme 8)   
Scheme 8 Synthesis of the C-allyl sugar derivatives  
a) i. Cat. H2SO4, MeOH, 0 °C, 15 h; ii. Ac2O, pyridine 0 °C–rt; b) Allyltrimethyl silane, BF3.Et2O, Cat 
TMSOTf,  CH3CN, 0 °C–rt, 8 h; c) Cat. HCl, Ac2O, pyridine, 0 °C-rt; d) Cat. HClO4, Ac2O, pyridine 0 °C-
rt. 
Peracetylated C-allyl glycosides 1.107, 1.114 and 1.123 which underwent cross 
metathesis with 10-undecene-1-ol using Grubbs’ 2nd generation catalyst (5 mol%) to 
afford inseparable mixture of E/Z olefins 1.109, 1.116, 1.124, along with the 10-
undecene-1-ol dimmer (Scheme 9). The olefin mixture was hydrogenated to yield 
saturated alcohols 1.111, 1.120, 1.125. Oxidation of the hydroxyl group with RuCl3.6H2O 
and NaIO4 followed by deacetylation completed the synthesis of 12-C-α-
glycosyldodecanoic acids 1.101–1.103 in overall yields of 49%, 50% and 47%, 
respectively. 
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Scheme 9 Synthesis of 12-α-C-glycosyl dodecanoic acids 
 
 After synthesizing the requisite C-glycosyl acids 1.101–1.103, the next objective 
was to use them as capping agents for metal nanoparticles. After a substantial 
optimization of the experimental parameters, a reductive synthesis of desired C-glycoside 
capped silver nano particles was concluded successfully by heating equimolar quantities 
silver nitrate and C-glycoside 1.101 or 1.102 in dilute alkaline solution (10-4 M). The 
reduction was instantaneous and the Ag NPs could be isolated as stable powders by 
simple centrifugation. 
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Figure 3 Figures A and C showing the UV-vis 
spectra of AgNPs synthesized from 1.101 and 
1.102 respectively. Figure B and D showing TEM 
image of AgNPs synthesized from 1.101 and 
1.102 respectively. Insets (A) and (C) shows the 
colors of the AgNPs synthesized from 1.101 and 
1.102, respectively. 
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With C-glucoside 1.103, aggregation of the initially formed Ag NPs occured. 
Figures A and C (Inset, Figure 3) show UV-Vis spectra and recorded from alkaline 
solutions of silver nitrate and acids 1.101 and 1.102, respectively. The strong absorption 
at ca. 410 nm clearly indicates the formation of Ag NPs. Transmission electron 
microscope (Figures 3B and 3D) images of synthesized Ag NPs revealed average particle 
size to be ~15 nm. 
 In summery a concise synthesis of 12-C-glycosylated dodecanoic acids 
employing an olefin cross metathesis reaction is developed. Examination of these acids as 
capping agents for the synthesis of metal nanoparticles reveal that they do not cap the Co-
metal nanoparticles synthesized in aqueous phase, but that two of them (1.101, 1.102) can 
reduce  AgNO3 and cap the resulting Ag nanoparticles in water without any aggregation. 
Chapter 2 
Section I: “Cu(I) Promoted One–pot “SNAr–Click Reaction” of 
Fluoronitrobenzenes”. 
The nucleophilic substitution reaction (SNAr) of activated aryl halides is an 
important transformation for C−C and C−hetero atom bond formation with aryl rings. 
These reactions are facilitated by the presence of –M groups like a nitro or a carbonyl 
ortho or para to the leaving group in general and with meta isomers in some rare cases. 
Various carbon and hetero atom nucleophiles have been employed in this context. 
Reports concerning the azide as a nucleophile in SNAr were mainly limited to the 
mechanistic investigations.  
 Inspired with the broad spectrum application of Cu(I)–catalyzed 1,3-cycloaddition 
between an azide and an alkyne in the discovery of drugs and materials, and less reports 
concerning the azide as a nucleophile in SNAr reaction, we have initiated a program to 
design a methodology in which these two reactions occur in one pot. 
 To this end, by screening various conditions we could conduct successfully the 
SNAr of 2- & 4-fluoronitrobenzenes in presence of phenyl acetylene. The potential of this 
approach has been demonstrate by providing a rapid access for various 1,4-substituted 
triazoles. Control experiments revealed that both the steps are catalyzed by Cu(I) and also 
the course of reaction as SNAr followed by [3+2]-cycloaddition (Scheme 10).   
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Scheme 10 The one pot “SNAr-click reaction” employing functionalized alkynes 
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To conclude, a three component one–pot “SNAr–click reaction” has been explored 
by employing o- and p-nitrofluorobenezenes and a diverse set of alkynes. Control 
experiments reveal the course of the reaction as SNAr with azide nucleophile followed by 
the cycloaddition of the resulting nitroazidobenzene intermediate and both the reactions 
being catalyzed by Cu(I). The reactions are generally regioselective and various 
commonly employed protecting groups are found to be compatible with the conditions 
employed. 
Chapter 2 
Section II: the “Click” Synthesis of isomeric compounds for assessing the efficiency 
of bifurcated Cl···NO2 synthon 
After the disclosure of bifurcated three-centered NO2…X (X=Cl, Br, I) 
supramolecular synthon by Desiraju and co-workers, the occurrence of these soft and 
weak three-center interactions was analyzed using Cambridge Crystal Structure Database 
searches. Allen et al. used a combination of systemic database analysis and high-level ab 
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initio molecular orbital calculations to provide significant insight into the geometry of 
NO2…X interactions (figure 4). They classified NO2…X interactions according to the 
close approach of X atom to NO2 group into three different motifs; (I) symmetric 
bifurcated motif, (II) the asymmetric bifurcated motif and the (III) motif in which halogen 
(X) forms mono-coordinate interactions with one nitro O atom. In the first two categories 
the X atom approaches both nitro O atoms in a bifurcated manner (X…O trans to C–N); 
the tendency to form such bifurcated motifs increases in the order C1 < Br < I whereas in 
the last category X...O in a cis relationship to the nitro C substituent about the N–O bond. 
Though NO2…X symmetric bifurcated motif has been regarded as a ‘discriminator 
synthon’ its predictability, when examined over a range of isomeric compounds revealed 
certain limitations. Focusing on the Cl…NO2 synthon, we describe synthesis and the 
structural analysis of a collection of isomeric compounds with modular positioning of Cl 
and NO2 on a flexible tricyclic template. 
Figure 4 Designed isomers and possible Cl···NO2-synthon geometries 
 
The Cu mediated Huisgen’s azide-[3+2] cycloaddition [Fokin–Finn–Sharpless’s 
‘‘click reaction’’] has served as the flexible molecular construct in our synthesis 
employing either corresponding azide of SNAr of respective fluronitrobenzene with 
sodium azide (in situ) followed by the click reaction (Scheme 11). Having no motifs that 
form the conventional hydrogn bond, this selected scaffold offered an opportunity for 
understanding molecular association either via Cl …NO2 or Cl... Cl interacting synthons 
and to study the interplay of other weak intermolecular interactions in molecular 
aggregation. The intramolecular association of all the 12 compounds synthesized in this 
context were analyzed with the help of the single crystal X-ray diffraction studies. 
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Scheme 11 Hüisgen [3+2] cycloaddition reaction between fluoronitrobenzenes 2.40, 
2.42, & 3-azidonitrobenzene (2.95), and alkynes 2.43, 2.89–2.91. 
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 Interestingly in none of the nine isomers the bifurcated Cl …NO2 synthon 
has been seen. A comprehensive compilation of various weaker interactions observed in 
crystal structures of all the compounds revealed that out of nine compounds, molecules in 
two compounds (2.98 and 2.101) have Cl···NO2 association, in one compounds Cl···Cl 
short contact (2.102) and in four compound (2.96, 2.97, 2.100 and 2.102) C-H···Cl 
electrostatic interaction were present. 
 In conclusion, the potential of Cu(I) catalysed azide-alkyne “Click Reaction” as a 
simple synthetic tool to build a collection of crystalline isomeric compounds with 
modular positioning of Cl and NO2 functional groups and evaluation of the occurrence of 
bifurcated Cl…NO2 synthon was studied.  
 
